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Atrial fibrillation in vascular surgery: a systematic review and
meta-analysis on prevalence, incidence and

outcome implications

Vincenzo L. Malavasi?, Federico Muto?, Pietro A.C.M. Ceresoli?,
Matteo Menozzi?, llaria Righelli?, Luigi Gerra®, Marco Vitolo®P,
Jacopo F. Imberti&P, Davide A. Mei2, Niccolo Bonini2-®,

Mauro Gargiulo®? and Giuseppe Boriani?

Aims To know the prevalence of atrial fibrillation (AF), as
well as the incidence of postoperative AF (POAF) in
vascular surgery for arterial diseases and its outcome
implications.

Methods We performed a systematic review and meta-
analysis following the PRISMA statement.

Results After the selection process, we analyzed 44
records (30 for the prevalence of AF history and 14 for the
incidence of POAF).

The prevalence of history of AF was 11.5% [95%
confidence interval (Cl) 1-13.3] with high heterogeneity
(I?=100%). Prevalence was higher in the case of
endovascular procedures. History of AF was associated
with a worse outcome in terms of in-hospital death [odds
ratio (OR) 3.29; 95% Cl 2.66-4.06; P <0.0001; /2 94%] or
stroke (OR 1.61; 95% CI 1.39-1.86; P <0.0001; /% 91%).

The pooled incidence of POAF was 3.6% (95% CI 2-6.4)
with high heterogeneity (I>=100%). POAF risk was
associated with older age (mean difference 4.67 years,
95% CI 2.38-6.96; P =0.00007). The risk of POAF was
lower in patients treated with endovascular procedures as
compared with an open surgical procedure (OR 0.35; 95%
Cl 0.13-0.91; P=0.03; I>=61%).

Introduction

Atrial fibrillation (AF) is the most common arrhythmia seen
in clinical practice. In some cases, even in the absence of
prior history of AF, AF may occur during an acute illness’-?
or may occur in a surgical setting, being more frequently
documented after cardio-thoracic surgery (incidence
around 30%),% but also in noncardiac surgical proce-
dures.* In a recent study® the rate of postoperative AF
(POAF) in the cardiac surgery setting was reported to
approximate 20%, whilst in noncardiac surgery it was
around 1%.

The clinical assessment should also consider that history
of AF and the occurrence of POAF may have long-term
implications for patient outcome® both in the case of
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Conclusions In the setting of vascular surgery for arterial
diseases a history of AF is found overall in 11.5% of
patients, more frequently in the case of endovascular
procedures, and is associated with worse outcomes in
terms of short-term mortality and stroke.

The incidence of POAF is overall 3.6%, and is lower in
patients treated with an endovascular procedure as
compared with open surgery procedures. The need for oral
anticoagulants for preventing AF-related stroke should be
evaluated with randomized clinical trials.
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cardiac surgery and in noncardiac surgery, with a poten-
tially negative impact on survival,3” stroke and hospitali-
zation for heart failure.®

Due to the higher number of noncardiac surgical interven-
tions worldwide, AF in that setting appears to be an issue
that deserves additional evaluations for the potential need
for additional medical resources, increased costs and
outcome implications.

As AF shares with vascular diseases several risk factors,®
it is not rare to meet a patient with AF with the need for a
vascular interventions procedure. Nevertheless, the real
weight and impact of AF in patients with arteriopathies
undergoing vascular procedures or vascular surgery
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interventions is still unknown in terms of prevalence of a
history of AF, incidence of POAF and implications for
outcome. Indeed, while AF after cardiac surgery has been
the object of many analyses and studies,®~'* and AF after
general or orthopedic surgery has recently attracted some
interest,3%15 very limited data are available on AF and
vascular surgery.

The aim of our systematic review and meta-analysis was
to evaluate the rate of history of AF and the incidence of
POAF in patients undergoing vascular surgery procedures
for arterial diseases and the impact of AF on outcomes, if
adequately reported. When possible, endovascular sur-
gery procedures were considered separately from open
vascular surgery procedures.

Methods
We performed a systematic review and meta-analysis
following the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) statement and
checklist.®

A systematic literature search restricted to English full-text
articles was performed through MEDLINE, Scopus, Goo-
gle Scholar from 1 January 2000 to 31 March 2022.

Search strategy, study selection, data extraction, and
quality assessment

We used the following MeSH terms: ‘atrial fibrillation” AND
‘vascular surgery’ to identify all the studies in which AF
either was an anamnestic factor or was raised after sur-
gery. No restriction was applied to study type. The whole
list of MeSH terms is shown in Supplementary Materials
(Table 1, Supplemental Digital Content, http:/links.lww.
com/JCM/A565).

Three independent researchers (F.M., P.C., M.M.) select-
ed studies with the following criteria: history of AF or onset
of a new AF; a cohort of at least 100 patients. Two senior
reviewers (G.B. and V.L.M.) independently checked the
study selection and the data extraction process. Discre-
pancies were resolved by consensus.

POAF was defined as a new-onset AF in patients without
history of previous AF.3

We collected separately the data in two databases: studies
in which AF was an anamnestic feature for the patients
treated with vascular surgery procedures; studies showing
postoperative AF (POAF).

The following data were retrieved: number of patients,
mean age, number of females, risk factors, history of heart
disease, type of surgery (i.e. open surgery or endovas-
cular surgery procedure), time of onset of POAF, death or
stroke in the follow-up. If detailed, the site of surgery, i.e.

carotid, abdominal aorta or infra-inguinal arteries, was
evaluated in subsequent analysis.

The quality of the data for each study was assessed
using the Newcastle-Ottawa scale for nonrandomized
cohort studies.!” We evaluated the following domains:
study group selection, study group comparability, and
outcome assessment; a score of >7 identified high-
quality studies.

End points

End points of the study were to describe: the prevalence of
history of AF; the incidence of POAF; the outcome of the
patients in terms of in-hospital death and stroke.

Statistical analysis
In the two collected databases we conducted, wherever
possible, analysis with two distinct techniques.

With the aim to describe the pooled prevalence/incidence
of AF/POAF we conducted a meta-analysis of proportions.
Prevalence/incidence was transformed using logit trans-
formation and were pooled with the inverse variance
method; tau was estimated with the restricted maxi-
mume-likelihood (REML) method.

To evaluate the impact of the history of AF on hospital
mortality and onset of stroke we also performed a pairwise
meta-analysis.

Moreover, where available, baseline variables were fur-
ther meta-analyzed comparing AF vs. no AF patients,
and were summarized as mean difference or odds ratio
(ORs) and respective 95% confidence intervals (95%
Cls).

All meta-analyses were modeled with a random-effect
approach and results were graphically reported with forest
plots. The inconsistency index (P) was employed to mea-
sure heterogeneity among the studies for each analysis.
The following thresholds were applied: low heterogeneity if
P < 25%, moderate if P between 25% and 75% and high if
P > 75%. If P was >25% we performed a sensitivity
analysis using the ‘leave-one-out’ technique.

To account for potential sources of heterogeneity in the
pooled prevalence of AF, we performed several subgroup
analyses, according to the year of publication (2016 or
prior vs. 2017 or after), the mean age, gender, sample size
(fewer than vs. more than 5000 cases in the prevalence
study and fewer than vs. more than 500 cases in the
incidence one), study design (prospective vs. retrospec-
tive), site (aortic vs. carotid vs. lower limb) and technique
of surgery (open vs. endovascular procedures), main
comorbidities, and quality of the records (good vs. doubt-
ful). Where specified, pooled estimates were reported as
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ORs and 95% CI or mean difference and 95% CI for
continuous variables.

Trying to explain high heterogeneity, meta-regression
analyses according to study design, sample size, mean
age of the patients, risk factors, coronary artery disease,
heart failure and type of surgery were performed when the
number of records (k) carrying the information was >5.

Publication bias was assessed by visual inspection of
funnel plots and using the Egger's test.

Statistical analysis was conducted with R v.4.1.2'8 and its
interface RStudio® using meta2® and metafor?' packages.

Results

From the initial 10 587 papers, after the selection process,
we analyzed 44 papers. Thirty papers contribute to the first
analysis on the prevalence of history of AF in patients
undergoing vascular surgery and 14 were considered for
the incidence of POAF. The two cohorts were representa-
tive of 3501 739 patients for the analysis of AF prevalence
and 400 771 patients in the analysis of incident AF,
respectively. The selection process is shown in Fig. 1.
Risk-of-bias inspection revealed that only 9 up to 36
studies were of good quality (Table 2, Supplemental
Digital Content, http://links.lww.com/JCM/A565 in the
Supplementary Materials section).

Prevalence of atrial fibrillation
The studies regarding history of AF were 22 retrospec-
tive®2=43 and 8 prospective.*4~51

A synthesis of the studies included in the analysis is shown
in Table 1.

The overall weighted proportion of history of AF was
11.5% (95% Cl 1-13.3) without significant difference
between retrospective [11.7% (95% CIl 9.8—13.8)] and
prospective studies [10.9% (95% Cl 7.9-14.9)]
(P=0.72) (Fig. 2). We found a very high heterogeneity
(P 100%); sensitivity analysis did not modify these findings
(Figure 1, http://links.lww.com/JCM/A565 in the Supple-
mentary Materials section).

The analysis of funnel plot and the Egger's test did not
found any publication bias (Egger's test P=0.314) (Figure
2, Supplemental Digital Content, http:/links.lww.com/
JCM/A565 in the Supplementary Materials section).

To identify the source of this very high heterogeneity, we
made a univariate meta-regression with mean age, gen-
der, sample size, type of study (retrospective vs. prospec-
tive), and site of surgery as covariates. The latter only
partly explained the heterogeneity (Table 3, Supplemental
Digital Content, http:/links.lww.com/JCM/A565 in the

Supplementary Materials section), where surgery or pro-
cedures on the carotid district (P=0.007) and studies that
included mixed interventions (aortic, lower limbs, carotid)
(P=0.001) significantly modified the heterogeneity when
compared with aortic surgery procedures. The multivari-
able model, with all above covariates, added little to that
univariate meta-regression (Table 3, Supplemental Digital
Content, http:/links.lww.com/JCM/A565 in the Supple-
mentary Materials section). However, the residual P is
always above 90%.

With the same goal, we also made several subgroups
analyses. Heterogeneity remains very high when we split
the analysis for type of study (retrospective P =100% vs.
prospective P=90%), quality of the studies (good
P=96% vs. doubtful P=98%), sample size (>5000
cases, P =100% vs. <5000 cases 92%), year of publica-
tion (2016 or before 7 =98% vs. 2017 or after P =99%),
type of surgery (endovascular P =99% vs. open surgery
P =100%), and site of surgery (aortic 2 =93% vs. carotid
P =99% vs. lower limb P =93%).

The weighted proportion of patients with previous AF was
significantly higher in patients undergoing aortic and lower
limbs surgery when compared with carotid or miscella-
neous studies (aortic 13%, carotid 8%, lower limbs 15%,
mixed 6%; subgroups differences P < 0.01) (Figure 3,
Supplemental Digital Content, http://links.lww.com/JCM/
A565 in the Supplementary Materials section). Moreover,
the pooled prevalence of history of AF was higher in
patients undergoing endovascular surgery procedures
when compared with those who were treated with open
vascular surgery interventions (14% vs. 9.2%; P 100%; P
for subgroup differences < 0.01) (Figure 4, Supplemental
Digital Content, http://links.lww.com/JCM/A565 in the
Supplementary Materials section).

Information about hospital death and stroke was available
for five and four studies, respectively. In a pooled popula-
tion of 3 065 240 patients, history of AF was associated
with in-hospital death (OR 3.29; 95% CIl 2.66—4.06;
P <0.0001; P 94%) and in a sample of 3 062 442 patients
history of AF was associated with stroke at follow-up (OR
1.61; 95%Cl 1.39—1.86; P<0.0001: P 91%) (Fig. 3a and
b). It was not possible to assess the outcome of patients
with history of AF in relation to the different sites of
intervention for vascular surgery procedures, since only
two studies in carotid surgery and one study in lower limb
surgery reported these outcome data.

Considering the sources of heterogeneity, at sensitivity
analysis we found that omitting the study of Pacha,3®
evaluating in-hospital death the heterogeneity was lower
(P=78%) and it decreased much more (P =39%) in the
evaluation of stroke.
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Fig. 1
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and languages
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cardiac arrhythmia, study before 2000;
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thromboendoarterectomy in acute vascular
thrombosis

Topic relevant

143

Studies included

Prevalence of AF in
vascular surgery

Incidence of POAF in
vascular surgery

Selection process of the reports in the literature. AF, atrial fibrillation; POAF, postoperative atrial fibrillation.

Three studies®0:3539 detailed the outcome in patients
treated with endovascular surgery procedures separately
from open vascular surgery. In both settings, history of AF
was associated with a worse outcome when compared
with no history of AF (in detail, the analysis on death found
in endovascular surgery procedures an higher risk in AF
vs. no AF: OR 2.44; 95% Cl 2.37-2.51; P< 0.0001 and an
increased risk was also found for open surgery procedures
in AF vs. no AF: OR 2.77; 95% CI 2.41-3.18 P < 0.0001

(Figure 5, Supplemental Digital Content, http://links.lww.
com/JCM/A565 in the Supplementary Materials section).
Also, the analysis on stroke highlighted an increased risk
in patients with AF, both in endovascular surgery proce-
dures (OR 1.34; 95% CI 1.32—-1.37; P<0.0001) and in
open surgery interventions (OR 1.59; 95% CI 1.37-1.85;
P<0.0001) (Figure 6, Supplemental Digital Content,
http://links.lww.com/JCM/A565 in the Supplementary
Materials section).
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Table 1 Studies included in the meta-analysis evaluating the prevalence of history of AF

Author year Study type Total patients Mean age Female (%) AF patients (%) Vascular surgery site

Jack Tu 2003 Retrospective 6038 68.3 34.7 5.1 Carotid intervention

Harthun 2010 Retrospective 20 022 71 43.0 7.2 Carotid intervention

Van Diepen 2011  Prospective 636 NR NR 13.2 NR

Hawkins 2012 Prospective 11122 70.6 38.5 12.4 Carotid intervention

Sanders 2012 Retrospective 14 524 NR 141 11.9 Abdominal aortic intervention

Chang 2014 Prospective 253 70.9 51.0 17.8 Peripheral intervenction

Ogata 2014 Prospective 302 70.2 15.6 6.3 Carotid intervenction

Querishi 2014 Retrospective 22 177 75 48.3 10.4 Carotid intervention

Mao 2014 Retrospective 7568 71 38.0 11.3 Peripheral intervention

Sevilla 2015 Prospective 176 75.4 2.8 18.2 Abdominal aortic intervention

Saddiq 2015 Prospective 225 191 71 42.0 8.4 Carotid intervention

Watabe 2015 Retrospective 672 074 71 42.0 8.8 Carotid intervention

Huang 2016 Prospective 511 71 44.6 7.2 Peripheral intervention

Ralevic 2016 Prospective 282 68 245 16.3 Peripheral intervention

Behrendt 2017 Prospective 2798 70.4 38.6 16.0 Peripheral intervention

Atti 2018 Retrospective 138 014 NR 19.4 13.4 Abdominal aortic intervention

Higashitani 2018  Prospective 2238 73.3 28.5 11.0 Peripheral intervention

Huang 2019 Prospective 936 71 44.0 13.8 Peripheral intervention

Mazzaccaro 2019  Prospective 473 85 37.0 11.4 Carotid intervention

Pacha 2019 Retrospective 2 283 568 68.2 42.8 12.9 Peripheral intervention

Reis V. 2019 Prospective 928 69 20.0 6.3 Abdominal aortic, carotid and
peripheral intervention

Reis P. 2020 Prospective 306 66 29.7 6.2 Abdominal aortic, carotid and
peripheral intervention

Nejim 2020 Retrospective 86 778 71 42.0 7.8 Carotid intervention

D’Cruz 2020 Prospective 211 67.8 NR 19.9 Peripheral intervention

Gonzalez 2020 Retrospective 403 70.1 22.8 18.9 Peripheral intervention

Tomoi 2021 Prospective 2190 73 28.7 14.2 Peripheral intervention

Peric 2021 Prospective 144 69.9 NR 4.9 Abdominal aortic, carotid and
peripheral intervention

Katsuki 2021 Prospective 911 72.9 29.0 13.5 Peripheral intervention

Honda 2021 Prospective 363 73.5 33.1 16.8 Peripheral intervention

Barenbrock 2022  Prospective 602 70.1 26.9 25.7 Peripheral intervention

AF, atrial fibrillation; NR, not reported.

Incidence of postoperative atrial fibrillation
Information about incident AF after vascular surgery pro-
cedures was found in 14 studies: 8 prospective®2~5° and 6
retrospective.60—65

No study reported specific data about the outcome in
incident AF patients, and therefore we analyzed only
the rates of reported POAF across the studies. A synthesis
of included studies is shown in Table 2.

The pooled incidence of POAF was 3.6% (95% Cl 2—6.4)
without differences between retrospective vs. prospective
studies (P=0.57) (Fig. 4). The degree of heterogeneity
was very high (P 100%), but at the leave-one-out analysis
we did not identify a study able to significantly modify the
heterogeneity (Figure 7, Supplemental Digital Content,
http://links.lww.com/JCM/A565 in in the Supplementary
Materials section). The funnel plot and the Egger's test
found a significant risk-of-bias (Egger's test P=0.03;
Figure 8, Supplemental Digital Content, http://links.lww.
com/JCM/A565 in the Supplementary Materials section).

POAF risk was associated with older age (weighted mean
difference 4.67 years, 95% Cl 2.38—-6.96; P=0.00007 —
standardized mean difference 0.47, 95% CI 0.26—-0.69;
P <0.0001) (Table 3).

Female sex (OR 1.16; 95% CIl 0.72-1.76; P=0.45),
history of hypertension (OR 1.06; 95% CIl 0.90-1.25;
P=0.49), diabetes (OR 1.05; 95% CI 0.77-1.44;
P=0.74), coronary artery disease (CAD) (OR 1.12;
95% CI 0.60-2.08; P=0.72), HF (OR 1.89; 95% CI
0.38-9.32; P=0.43) and stroke (OR 1.66; 95% ClI
0.58-4.75) were not significantly associated with POAF
(Table 3).

At a univariable meta-regression, sample size, female sex,
and history of CAD significantly modified heterogeneity,
but only history of CAD and a multivariable meta-regres-
sion, with the three covariates mentioned above, signifi-
cantly modified the residual heterogeneity (residual P
respectively 36% and 51%) that, after the regression,
resulted as no longer statistically significant (Table 4,
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Fig. 2
Study or
subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
study_type = retrospective '
Tu 2003 309 6038  3.5% 0.051 (0.046; 0.057)
Harthun 2010 1442 20022  3.6% 0.072 (0.068; 0.076) :
van Diepen 2011 84 636 3.4% 0.132 (0.107; 0.161) ——
Sanders 2012 1735 14524  3.6% 0.119 (0.114; 0.125)
Mao 2014 855 7568 3.6% 0.113 (0.106; 0.120) H
Querishi 2014 2302 22177  3.6% 0.104 (0.100; 0.108)
Sevilla 2015 32 176 3.0% 0.182 (0.128; 0.247) s —
Siddig 2015 19014 225191  3.6% 0.084 (0.083; 0.086) :
Watanabe 2015 59143 672074  3.6% 0.088 (0.087; 0.089)
Huang 2016 37 511 3.1% 0.072 (0.051; 0.098) ——
Atti 2018 18494 138014  3.6% 0.134 (0.132; 0.136) :
Huang 2019 129 936 3.4% 0.138 (0.116; 0.162) ——
Mazzaeearo 2019 54 473 3.2% 0.114 (0.087; 0.146) —.—
Paeha 2019 294469 29283568  3.6% 0.129 (0.129; 0.129) :
Reis V. 2019 58 928  3.3% 0.062 (0.048; 0.080) - :
D'Cruz 2020 42 211 3.1% 0.199 (0.147; 0.259) . —F
Gonzalez 2020 76 403 3.3% 0.189 (0.152; 0.230) : —F
Nejim 2020 6743 86778  3.6% 0.078 (0.076; 0.080) :
Barenbroek 2021 155 602 3.4% 0.257 (0.223; 0.294) he
Honda 2021 61 363 3.3% 0.168 (0.131; 0.211) —H—
Katsuki 2021 123 911 3.4% 0.135 (0.113; 0.159) —H—
Tomoi 2021 311 2190 3.5% 0.142 (0.128; 0.157) -
Total (95% Cl) 3484204  75.4% 0.117 (0.098; 0.138) -
Heterogeneity: tau® = 0.2019; chi? = 13 358.72, df = 21 (P = 0); /* = 100% :
study_type = prospective :
Hawkins 2012 1378 11122 3.6% 0.124 (0.118; 0.130) |
Chang 2014 45 253 3.2% 0.178 (0.133; 0.231) D —
Ogata 2014 19 302 2.8% 0.063 (0.038; 0.097) .|
Ralevie 2016 46 282 3.2% 0.163 (0.122; 0.212) ——
Behrendt 2017 449 2798  3.5% 0.160 (0.147; 0.175) .
Higashitani 2018 247 2938 3.5% 0.110 (0.098; 0.124) 5B
Reis P. 2020 19 306 2.8% 0.062 (0.038; 0.095) —_—
Perie 2021 7 144 2.0% 0.049 (0.020; 0.098) ~ —fH—
Total (95% Cl) 17445  24.6% 0.109 (0.079; 0.149) ——
Heterogeneity: tau? = 0.2312; chi? = 72.42, df = 7 (P < 0.01); /* = 90% :
Total (95% Cl) 3501739  100.0% 0.115 (0.099; 0.133) -
Heterogeneity: tau® = 0.1989; chi2 = 13 448.77, df = 29 (P = 0); /2 = 100% I I I I I
Test for subgroup differences: chi®?=0.13, df =1 (P = 0.72) 0 0.05 0.1 0.15 0.2

Forest plot evaluating the pooled proportion of prevalence of AF in studies about vascular surgery, according to study type. AF, atrial
fibrillation.

Supplemental Digital Content, http://links.lww.com/JCM/
A565 in the Supplementary Materials section).

Considering the differences between open surgery and
endovascular surgical procedures, whenever not indicat-
ed what specific approach was used, we considered every
intervention to be an open vascular surgery procedure.
The pooled incidence of POAF was higher in the patients
treated with an open surgical procedure as compared with

an endovascular surgical procedure (8.2% vs. 2.4%; p for
subgroups difference <0.01) (Figure 9, Supplemental
Digital Content, http:/links.lww.com/JCM/A565 in the
Supplementary Materials section). In three studies, the
information on the type of approach (endovascular or open
vascular surgery) was very detailed and allowed a pair-
wise comparison; this analysis confirmed that POAF was
less likely to be associated with endovascular surgical
procedures as compared with open surgery (OR 0.35;
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Fig. 3
a
(@) AF No AF
Study Events Total events Total Odds ratio OR 95% Cl Weight
Harthun 2010 17 1442 37 18580 —— 5.98 (3.36;10.64) 8.9%
Watabe 2015 769 59 143 2452 612931 : 3.28 (3.02;3.56) 26.0%
Behrendt 2017 202 449 369 2349 — 4.39 (3.53;5.45) 21.0%
Pacha 2019 14723 294 469 39782 1989 099 1 2.58 (2.53;2.63) 26.9%
Nejim 2020 50 6743 240 80035 - 2.48 (1.83;3.37) 17.2%
Random effects model 362 246 2702 994 O 3.29 (2.66;4.06) 100.0%
Heterogeneity: /2 = 94%, 12 = 0.0426, P < 0.01 ol I B
Test for overall effect: Z=11.09 (P < 0.00001) 01 03 1 3 10 30 100

Higher risk no AF  Higher risk AF

b
(k) AF No AF
Study Events Total events Total Odds ratio OR 95% CI Weight
Harthun 2010 29 1442 167 18 580 ——— 2.26 (1.52;3.37) 9.9%
Watabe 2015 1065 59143 6497 612931 1.71 (1.60; 1.83) 33.5%
Pacha 2019 26 208 294 469 127 302 1989 099 - 1.43 (1.41;1.45) 35.8%
Nejim 2020 101 6743 800 80035 L 1.51 (1.22;1.86) 20.8%
Random effects model 361797 2700 645 < 1.61 (1.39;1.86) 100.0%
Heterogeneity: /2 = 91%, 12 = 0.0156, P < 0.01 1 I 1 1
Test for overall effect: Z=6.33 (P < 0.000 01) 0.1 03 1 3 10 30 100

Higher risk no AF

Higher risk AF

In panel (a), forest plot evaluating the association between history of AF and death; in panel (b) forest plot evaluating the association between
history of AF and stroke. AF, atrial fibrillation; 95% CI, 95% confidence interval; OR, odds ratio.

Table 2 Studies included in the meta-analysis evaluating the incidence of POAF

Total Vascular

Author year Study type patients  surgery (%) Mean age Site vascular surgery POAF (%)

Andrews 2001 Prospective 100 100.0 70.5 Abdominal aortic, peripheral and 3.00
carotid intervention

Valentine 2001 Prospective 21 100.0 66 Abdominal aortic intervention 10.43

Perzanowski 2004 Prospective 177 50.8 67.6 Abdominal aortic intervention 10.00

Feringa 2007 Prospective 175 100.0 NR Abdominal aortic intervention 5.14

Noorani 2009 Prospective 200 100.0 70 Abdominal aortic intervention 10.00

Winkel 2009 Prospective 317 100.0 68.6 Abdominal aortic and peripheral 4.73
intervention

Winkel 2010 Prospective 513 100.0 68.6 Abdominal aortic, peripheral and 4.09
carotid intervention

Sposato 2011 Prospective 186 100.0 68.6 Carotid intervention 3.76

Bhave 2012 Retrospective 370 447 5.7 62.7 Abdominal aortic, peripheral and NR
carotid intervention

Kothari 2016 Retrospective 15 148 100.0 73.7 Abdominal aortic intervention 3.66

Blanco 2017 Retrospective 4462 100.0 63.8 Abdominal aortic intervention 2.44

Alonso-Coello 2017 Prospective 8531 40.6 70 Abdominal aortic, peripheral and 3.03
carotid intervention

Golubovic 2018 Prospective 122 100.0 67 Abdominal aortic, peripheral and 4.92
carotid intervention

Lazarevic 2021 Prospective 182 100.0 67.2 Abdominal aortic, peripheral and 11.54

carotid intervention

NR, not reported; POAF, postoperative atrial fibrillation.
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Fig. 4
Study or
subgroup Events Total Weight 1V, Random, 95% ClI 1V, Random, 95% ClI
study_type = prospective :
Andrews 2001 3 100  6.0% 0.030 (0.006; 0.085) —f———
Perzanowski 2004 9 177 7.0% 0.051 (0.024; 0.094) ——
Feringa 2007 9 175 7.0% 0.051 (0.024; 0.095) -~ E—
Winkel 2009 15 317 71.2% 0.047 (0.027; 0.077) —
Winkel 2010 21 513 7.3% 0.041 (0.026; 0.062) —.—
Alonso-Coello 2017 105 8531 7.5% 0.012 (0.010; 0.015) :
Golubovic 2018 6 122 6.7% 0.049 (0.018; 0.104) ——
Lazarevic 2021 21 182 7.3% 0.115 (0.073; 0.171) : _—
Total (95% CI) 10117 55.9% 0.042 (0.026; 0.069)
Heterogeneity: tau® = 0.4550; chi® = 126.64, df = 7 (P < 0.01); /2 = 94%
study_type = retrospective
Valentine 2001 22 211 7.3% 0.104 (0.067; 0.154) : —F—
Noorani 2009 20 200 7.3% 0.100 (0.062; 0.150) : —F—
Sposato 2011 7 186 6.8% 0.038 (0.015; 0.076) _-_
Bhave 2012 570 370 447 7.6% 0.002 (0.001; 0.002) :
Kothari 2016 554 15148 7.6% 0.037 (0.034; 0.040)
Blanco 2017 109 4462 7.5% 0.024 (0.020; 0.029) 5
Total (95% CI) 390654  44.1% 0.029 (0.008; 0.097)  ~mE————
Heterogeneity: tau? = 2.5145; chi? = 3246.52, df = 5 (P = 0); /2= 100% :
Total (95% CI) 400771 100.0% 0.036 (0.020; 0.064) -
Heterogeneity: tau® = 1.2782; chi2 = 3539.59, df = 13 (P = 0); /2 = 100% I I I I I
Test for subgroup differences: chi2=0.32, df = 1 (P = 0.57) 0 0.05 0.1 0.15 0.2

Forest plot evaluating the pooled proportion of incidence of POAF in studies about vascular surgery, according to study type. POAF,

postoperative atrial fibrillation.

95% CIl 0.13-0.91; P=0.03) (Figure 10, Supplemental
Digital Content, http://links.lww.com/JCM/A565 in the
Supplementary Materials section).

With regard to potential differences in POAF incidence in
different sites of surgery, the analysis had important lim-
itations since few studies were available with detailed
information on carotid (two studies 5%62) and lower limb
(one study®®) surgery. Given this necessary premise, an
explorative analysis done with available data, showed no

difference in POAF according to the site of vascular
surgery interventions (Figure 11, Supplemental Digital
Content, http://links.lww.com/JCM/A565 in the Supple-
mentary Materials section).

Discussion

The significance of AF in patients undergoing vas-
cular surgery interventions or endovascular procedures
for arterial diseases has not been the object of a
comprehensive assessment.

Table 3 Results of analysis of the covariates associated with POAF. Data were expressed as odds ratios and 95%
confidence intervals except for age where the weighted mean difference in years was accounted for

OR 95% CI P P k
Age (MD) 4.67 2.38-6.96 <0.0001 84% 8
Female sex 1.16 0.72-1.76 0.45 48% 7
Hypertension 1.06 0.90-1.25 0.49 0% 8
Diabetes 1.05 0.77-1.44 0.74 22% 7
CAD 1.18 0.60-2.08 0.72 56% 7
HF 1.89 0.38-9.32 0.43 79% 4
Stroke 1.66 0.58-4.75 0.34 64% 4

CAD, coronary artery disease; Cl, confidence interval; HF, heart failure; P, heterogeneity according to 2 index; k, number of studies; MD, mean

difference; OR, odds ratio; POAF, postoperative atrial fibrillation.
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Our study extends the knowledge in the field by highlight-
ing that: the prevalence of history of AF in patients who are
candidates for vascular surgery is 11.5%%; patients with a
history of AF treated with a vascular surgery intervention
have a worse outcome in terms of stroke and death as
compared with patients with no history of AF; the incidence
of POAF in patients who have had a vascular surgery
intervention is 3.6%; the prevalence of history of AF is
higher in patients undergoing endovascular surgery pro-
cedures when compared with those who are treated with
open vascular surgery interventions, while the pooled
incidence of POAF is higher in patients treated with an
open surgical procedure.

Data about this topic are definitely lacking and our work
almost always consisted of a hunt looking for vascular
patients in broader general surgery cohorts. This limitation
leads to limitations in data quality (as documented in Table
2, Supplemental Digital Content, http:/links.lww.com/
JCM/A565 in the Supplementary Materials section), but
at the same time covers an area of uncertainty in
the literature.

Prevalence of history of atrial fibrillation in vascular
surgery and related outcomes

AF is a major issue in cardiac and noncardiac surgery® but
this issue is poorly analyzed and reported in the specific
setting of vascular surgery.

In noncardiac surgery, prevalence of AF is about 4—
7%,%667 and comparable in a very specific subset of
patients, such as patients undergoing orthotopic liver
transplant.®8

A previous meta-analysis, published in 2017, evaluating
patients with symptomatic PAD®® and including prospec-
tive cohort studies took into account patients categorized
according to presence or absence of AF (electrocar-
diographic evidence of arrhythmia) at the time of enroll-
ment. In that study, which was not focused on surgical
interventions, but simply on PAD, the average prevalence
of AF among PAD patients was 11.4% (range, 8.0%—
17.9%). Our study shows that in the setting of vascular
surgery, the prevalence of history of AF is 11.5% (95%Cl
9.9-183.3), although with very high heterogeneity among
the studies. The only explanation we found for substantial
heterogeneity was the type of surgery. Indeed the weight-
ed proportion of patients with history of AF was 6% in
studies analyzing different types of vascular surgery, 8% in
carotid procedures, 13% in aortic surgery and 15% in
lower limb surgery (Figure 4, Supplemental Digital Con-
tent, http:/links.lww.com/JCM/A565 in the Supplementary
Materials section). It is noteworthy to consider that the
approach to the vascular pathology may be endovascular
or a traditional open vascular surgery.

According to literature among patients undergoing non-
cardiac surgery, those with a history of AF were at higher
risk of cardiovascular events,®® as well as a higher risk of
mortality and stroke at 30 days.”®

However, for a detailed interpretation of all these data, an
important role could be played by the preoperative cardi-
ological evaluation and antithrombotic therapy, in both the
pre and postoperative periods, but these data are
usually lacking.

In our analysis, we found that preoperative history of AF
was associated with a higher likelihood of in-hospital death
and stroke, although with high heterogeneity suggesting
the need for further studies trying to better target the
patients at higher risk, also from the perspective of pre-
ventive treatments. The rate of these events appears
higher as compared with the patients with PAD.”" A vari-
able approach to AF management in the pre and postop-
erative periods could explain the high heterogeneity of our
findings. Additionally, the association of AF with a series of
comorbidities”>73 has to be considered when evaluating
the worse outcome associated with AF.

A meta-analysis of studies comparing open vascular sur-
gery with endovascular treatment for femoropopliteal ar-
terial disease showed that femoral bypass surgery was
associated with higher morbidity (OR 2.93; 95% CI 1.34—
6.41) but similar mortality at 30 days compared with endo-
vascular treatment.”* However, in that study AF preva-
lence and antithrombotic therapy management were not
reported.

We found that the prevalence of history of AF was higher in
patients treated with endovascular procedures; this finding
is more likely related to the selection of patients. Only a few
studies reported detailed data on the outcome of patients
with vs. without history of AF in the different vascular
surgery settings. We found that, in general, patients with
a history of AF had a significantly worse outcome with a
more than double probability of death and also a signifi-
cantly increased risk of developing a stroke. This was also
confirmed when studies on endovascular surgery and
studies on open surgery were analyzed. According to
these findings it is clear that AF may be a marker of
increased risk that can be explained by the higher clinical
complexity typical of AF patients.”>76

Incident atrial fibrillation after vascular surgery

According to our data vascular surgery for arterial dis-
eases is the noncardiac surgery setting where POAF
shows a quite high incidence”” similar to thoracic surgery.
Interestingly, in a recent meta-analysis* that excluded
patient treated with vascular surgery interventions, the
incidence of POAF was 1.7% while we found an almost
double pooled incidence of POAF (3.6%; 95% Cl 2.0—-6.4).
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We found that the incidence of POAF was higher in
patients treated with open surgery vs. endovascular
approaches. To interpret this finding, it is probable that
a series of peri-operative factors and complications, as
well as a process of inflammation related to surgery, may
act as a trigger for AF.78-80

In patients treated with vascular surgery procedures for
arterial diseases, the most significant risk factor associat-
ed with POAF was weighted mean difference in age, with
POAF patients 4.6years older than patients without
POAF. This finding is in line with the epidemiology of
AF, characterized by increasing risk of AF at increasing
age.”>8" However, it should be noted that the available
data (Table 3) were limited and there was a notable
absence of structured analysis on cardiovascular risk
factors, with only a minority of studies providing such
information.

Our meta-analysis did not allow the outcome of patients
presenting POAF after a vascular surgery procedure to be
assessed, but a higher incidence of stroke/systemic em-
bolism could be expected, in line with what was found in
unselected patients undergoing noncardiac surgery,
according to a retrospective study from Korea.®?

The risk of stroke may be related to AF recurrences,
occurring during follow-up, reported in 41% of patients
at Syears, despite the initial attribution to transient risk
factors (including the occurrence in a postoperative peri-
0d).8% Indeed, the high recurrence rate suggests that
POAF should not be considered as a merely transient
event, a concept that dominated in the past,2®* but, rather,
should be analyzed as the expression of an altered atrial
substrate related to an underlying atrial cardiomyopathy
that sooner or later will lead to AF recurrences even
without the facilitating effect or ‘transient’ risk factors such
as surgery.85-87

Apart from the role of atrial cardiomyopathy, the profiles of
patients undergoing vascular surgery affect the risk of
developing AF and this can also be predicted by comor-
bidities (diabetes, hypertension, ischemic heart disease)
which concur with assessing a ‘virtual CHA,DS,VASc. As
is known, the higher the CHA,DS,VASc, the higher the
risk of developing AF in the long term in various subsets of
patients.88-90

There is a need to assess the impact of OAC on the risk of
stroke after noncardiac surgery. In an observational study
the long-term risk of thromboembolism was similar in
patients with POAF and nonvalvular AF and anticoagula-
tion therapy was associated with a comparably lower risk
of thromboembolic events in patients with POAF com-
pared with no anticoagulation therapy.”” In the 2020 ESC
guidelines on AF®'.92 indication for OAC is class lla for

POAF after noncardiac surgery and llb for POAF after
CABG surgery. These recommendations, however, are
derived from expert opinion and do not clarify if anti-
coagulation should be prescribed in the long term or for
a short period of time. Well conducted randomized trials
are needed to answer this question.

Limitations

In consideration of the observational nature of the studies
included in this meta-analysis, our study is subject to
publication bias because of the possibility that some data
were not published. In our case the search was particularly
difficult because we often had to extrapolate information
from a number of studies evaluating a wide spectrum of
noncardiac surgery interventions, with vascular surgery
procedures as one of the various types of surgical inter-
ventions. Moreover, the quality of studies inserted in the
paper was not always high thus reducing the strength
of results.

There is arisk, in our analysis as in many similar studies in
the field, that the number of POAF patients could be
underestimated in relation to different and variable proto-
cols for postoperative ECG monitoring among the
included articles.

Another limitation is linked to the lack of comparative
studies evaluating AF history and the incidence of POAF
in specific sites of vascular surgery interventions, with
detailed analysis of carotid vs abdominal aorta vs. infra-
inguinal.

We also found a significant risk-of-bias in the analysis of
the pooled incidence of POAF (Egger's test P=0.03;
Figure 5, Supplemental Digital Content, http://links.lww.
com/JCM/A565 in the Supplementary Materials section).
This finding can be considered in our opinion of secondary
importance since our exploratory question was focused on
the pooled incidence of AF and not on the efficacy of AF
treatments.®3 Moreover, the power of Egger's test when
there is heterogeneity can be considerably lowered. This
suggests that an inspection of the funnel plot may be
preferable to Egger's test when there is substantial het-
erogeneity.%*

Anyway, the main limitation of the study is the high het-
erogeneity found in our analysis. With regard to AF prev-
alence, it was not possible to identify a covariate that could
explain the prevalence values, neither in the sensitivity
analysis, nor in the subgroups analysis, nor in meta-
regression. Therefore, it was simply possible to provide
a range of AF prevalences, from about 5% to 25%.

Taking into account patients’ outcomes, the high hetero-
geneity is explained by the intrinsic variability of the
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studies. Indeed, omitting the study of Pacha et al.,®® the
overall heterogeneity significantly decreased, thus restor-
ing some strength to the conclusions about patients’ out-
comes.

About the incidence of POAF, the high heterogeneity can
be explained by some features of the records, since the
residual heterogeneity after the meta-regression is mod-
erate when the moderator is the prevalence of CAD or a
combination of sample size, female gender or history
of CAD.

Conclusions

In patients treated with vascular surgery interventions, a
history of AF is not a marginal finding, since it is present in
around 1 out of 10 patients, more frequently in the case of
endovascular procedures, and is associated with a worse
outcome in terms of short-term mortality and stroke. The
incidence of postoperative newly diagnosed AF is also
high, apparently higher than POAF seen in noncardiothor-
acic nonvascular surgery interventions and is higher in
patients treated with an opensurgical procedure as com-
pared with endovascular procedures.

According to these data, the key question is when and for
how long there is a need for oral anticoagulants, but an
appropriate answer should come from well planned ran-
domized clinical trials.
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